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• 
Objective/Purpose
The general objective was to study carbon dioxide and water vapor exchange between the forest and atmosphere at the SSA-OA site. Specific objectives were: • To measure the fluxes of sensible heat, H20 and CO2 above the aspen stand throughout the year.
• To obtain from the CO2 flux data estimates of gross photosynthesis and respiration. • To determine the contribution of the hazelnut understory to net ecosystem productivity (NEP).
•
To determine the effects of environmental factors on stand evapotranspiration and NEP.
• To take part in the development of procedures for scaling up component fluxes to the stand level.
• To study the processes controlling turbulent transfer of H20 and CO2 within the stand.
• To take part in the evaluation of methods of estimating nocturnal CO2 in and above the stand. plates within the same housing as the analyzer and then through the analyzer's sample cell. To prevent condensation in the sampling tubing, it was heated (2-3°C above ambient) by passing an electric current through 20-AWG nichrome wire (about 15 ohms resistance) coiled around the exterior of the tubing. The pump (model DOA-V 191-AA diaphragm pump, Gast, Inc., Dayton, OH) was located down stream of the sample cell resulting in the sample cell pressure being about 22 kPa less than atmospheric pressure. The delay time was 0.8 s. The IRGA was operated in absolute mode with dry air at zero CO2 concentration flowing through the reference cell at 25 cm3/min. The KH20 hygrometer was operated continuously to evaluate signal delay time and any attenuation resulting from the sample tubing (Leuning and King, 1992; Lee et al., 1994 in the air were sampled rapidly, and calculations of relevant covariances were performed from these samples to obtain the fluxes. For example, the flux of CO2 was determined as follows:
Summary of Parameters
where w' is the departure of the vertical velocity component from its mean over the averaging interval, usually 30 minute, and c' is the departure of CO2 concentration from its mean. At the overstory level, three rotations in the coordinate transformation are applied to the flux data to make the lateral component (v '), vertical component (w '), and covariance (u 'v ') of the wind vector equal to zero. At the understory level, however, only the mean lateral wind velocity component was rotated to zero under the suspicion that nonzero mean vertical velocities are possible within the trunk space. Webb, Pearman, and Leuning (1980) (WPL) corrections were made to the water vapor and carbon dioxide fluxes measured using the closed-path LI-COR 6262 infrared gas analyzer (IRGA). Broadening correction was done, but not on-line (see Chen et al., 1998 , for summary of theory).
Equipment

Sensor/Instrument Description
Collection Environment
Measurements were collected from mid-April to the end of 1996. Over that time period, temperature conditions from less than -10°C to over 25°C were experienced.
Source/Platform
A 37-m walkup scaffold main tower and a 6-m scaffold tower about 40 m from the main tower.
4.1.3
Source/Platform Mission Objectives The objective of the flux tower was to support instrumentation for the study of the fluxes of CO2, energy, water vapor, and momentum between the forest and atmosphere at the SSA-OA. analyzer is based on the difference in absorption of infrared radiation passing through two gas sampling cells. The reference cell is used for a gas of known CO2 or H20 concentration, and the sample cell is used for a gas of unknown concentration. Infrared radiation is transmitted through both cell paths, and the output of the analyzer is proportional to the difference in absorption between the two. The principles of operation of most of the supporting instruments can be found in Pearcy et al. (1991) and Fritschen and Gay (1979) . Fuchs and Tanner (1968) ) along a 20-m transect; average temperature of the surface 3 cm of the forest floor using two integrating thermometers, a soil temperature profile at depths of 2, 5, 10, 20, 50, and 100 cm (CSI direct-burial copper-constantan thermocouples), and tree bole temperatures at 0.2, 4.0, 8.0, 12.0, and 15.8 cm into the bole (thermocouple wire). Tree bole temperatures were measured in aspen trees using thermocouples placed in the bole at several depths determined from the north side of the tree. The temperatures were measured at 3.12 m height for the 0.2 cm depth, 3.16 m height for the 4.0 cm depth, 3.18 m height for the 8.0 cm depth (the center of the bole), at 3.16 m height for the 12 cm depth (4 cm depth from south side), and at 3.12 m height for the 15.8 cm depth (0.2 cm depth from south side). In addition, a measurement of the hazelnut stem temperature was made at 0.7 m height and 0.2 cm depth. 
Key Variables
Frequency of Calibration Not given.
Other Calibration
Information None.
Data
Acquisition Methods
The eddy covariance system consisted of a 3-D sonic anemometer/thermometer (SOLENT 1012R2A) for detecting the three velocity components and air temperature, the latter being derived from the speed of sound following Kaimal and Gaynor (1991) , an open-path H20 krypton gas analyzer for measuring water vapor density in the air, and a closed-path dual H20/CO2 IRGA (LI-COR 6262) for measuring water vapor density and CO2 concentration in the air. The Solent sampled the wind speed components at 20.83 Hz, and its analog-to digital converter sampled the LI-COR signals at 10 Hz. Prior to sampling, the latter signals had been passed through a passive filter with a 7 Hz cut-off frequency.
Spectral analysis showed that frequencies above 1 Hz made almost no contribution to fluxes.
For the flux system, all raw data were recorded using PC systems with backup tape drives. Half-hour fluxes were calculated online. For other measurements, all those data were recorded by data loggers (model 21X, Campbell Scientific, Inc., Logan, UT), which were networked together, using the model MD-9 network interface, along with the main system. Every 3 hours, this network automatically transferred (using PC ANYWHERE software, Symantec Corp.) all data from the loggers to a network computer. The understory measurements were collected from a 6-m scaffold tower about 40 m from the main tower.
Spatial
Coverage Map Not applicable.
7.1.3
Spatial Resolution Although the eddy covariance measurement is made at one point, it is well known that the fluxes measured with this technique can represent fluxes averaged over a relatively large area. An analysis of the upwind land surface area that contributes to a scalar flux measurement, often referred to as "fetch" or "footprint,"
is crucial in understanding the origins of the flux and any possible influences of spatial heterogeneity.
According to Blanken's (1997) results (using Schuepp et al., 1990, model) , the cumulative flux at 39 m reached 80% of the total flux at an upwind distance of 1,200 m under neutral conditions, 900 m under typical daytime stability conditions, and 2,700 m under typical nighttime stability conditions.
The corresponding values for the 4-m height (above the understory) were 130, 80, and 300 m. Baldocchi (1997) suggests the latter values are overestimates.. From the above results, there was adequate fetch at the OA site because the forest extended for at least 3 kin in all directions.
7.1.4 Projection None.
7.1.5
Grid Description None.
Temporal Characteristics
7.2.1
Temporal Coverage Under-canopy data were collected from 12-October to 13-November-1993 and from 01-January to 31-December-1994.
7.2.2
Temporal Coverage Map None.
7.2.3
Temporal Resolution The data reported are 30-minute statistical mean values.
Data Characteristics
Parameter/Variable
The parameters contained in the data files on the CD-ROM are:
Column Name SITE NAME 
Unit of Measurement
The measurement units for the parameters contained in the data files on the CD-ROM are:
Column Name Units SITE NAME , MEAN  AIR  TEMP  4M,   SDEV  AIR  TEMP  4M, SOLENT  AIR  TEMP  4M, SOIL  TEMP  2CM,  SOIL  TEMP  5CM,   SOIL  TEMP  10CM,  SOIL  TEMP  20CM,  SOIL  TEMP  50CM,  SOIL  TEMP  100CM,   MEAN  SOIL  TEMP  INT  3CM,  SOIL  WATER  POTENT  3CM,  SOIL  WATER  POTENT  6CM,   SOIL  WATER  POTENT  46CM,  GRAV  SOIL  WATER  CONTENT  3CM, REL  HUM  4M, BOLE  TEMP  2MM,   BOLE  TEMP  4CM, BOLE  TEMP  8CM, BOLE  TEMP  12CM,  BOLE  TEMP  158MM,  HAZEL  BOLE  TEMP  2MM,   SNOW  IRT  TEMP,SNOW  TEMP  6CM,  SNOW  TEMP  12CM,  SNOW  TEMP  18CM,  SNOW  TEMP  24CM,   SNOW  TEMP  30CM,  SNOW  TEMP  36CM,  SURF  PRESS,DATA  QUALITY  FLAG,COMMENTS,   CRTFCN  CODE,REVISION  DATE 'SSA-9OA-FLXTR', '9TF01-UNS01',01- JUN-94,0,2.823,8.352,,0.0,19.69,16.87,18.27, 16.64,22.21,22.27,16.6,13.89,14.53,17.886,21.53,-3.906,13.979,1.8751,372.23,, .338,-.01,0.0,174.12,.077,.1007,.075,1.064,.24,.05,.005,,6.0113,8.425 .... 19.352,,18.776,11.61,i0.13,9.65,8.43,6.581,4.878,13.845, .0312, .0315, .0291, .223,36.096,20.391,20.443,19.513,19.942,20.314,0.0,16.586,18.392,18.203, 18.355,18.297,18.353,18.44,94.9, '', '', 'CPI',I8-AUG-99 'SSA-9OA-FLXTR', '9TF01-UNS01',01- 30, 1.629, 30.787, , 0.0, 18.37, 15.83, 17.19, 15.61, 20.63, 20.93, 15.99, 13.21, 13.84, 16.844, 20.39, 15.892, 3.6043, 370.64, , .053, 0.0, 131.22, .008, .0329, .008, 85.382, .14, .02, .007, , 5.9139, 8.239 .... 19.167, , 18.691, 11.51, 10.12, 9.66, 8.47, 6.58, 4.88, 13.795, .0313, .0315, .029, .223, 35.878, 20.233, 20.34, 19.73, 20.018, 20.261, 0.0, 16.567, 18.197, 18.024, 18.197, 18.113, 18.184, 18.267, 94.91, '', '', 'CPI', 8. Data Organization
Data Granularity
The smallest unit of data tracked by the BOREAS Information System (BORIS) was data collected at a given site on a given date.
Data Format
The 
Calculated Variables
The Bowen ratio is the ratio of the sensible to latent heat flux. The soil heat storage rate is the rate of change of heat storage in the 0-3 cm surface layer calculated from the gravimetric soil water content and the mean integrated soil temperature. The soil surface heat flux density is the sum of the 3-cm soil heat flux and the soil heat storage rate.
Graphs
and Plots See Black et al., 1996; Chen et al., 1998; Blanken, 1997; and Yang, 1998 .
Errors
10. 
Application of the Data Set
These data are useful for the study of water, energy, and carbon exchange in a mature aspen forest.
Future Modifications and Plans
Data collection from the SSA-OA tower continued after 1996. Contact Dr. T.A. Black for information about these data.
14.1 Software Description None.
14.2 Software Access None given.
Software
Data Access
The SSA-OA understory flux, meteorological, and soil temperature data are available from the Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC).
Contact Information
For BOREAS data and documentation please contact:
ORNL DAAC User Services 
